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Summary
Purpose: Arthroscopic and particularly histopathological assessments have been used to evaluate alterations of knee cartilage in osteoarthri-
tis (OA). The aim of this study was to examine the correlation between an arthroscopic method to grade the severity of chondropathies and the
histological/histochemical grading system (HHGS) applied to the corresponding articular cartilage areas in knee OA.
Methods: The articular cartilage surface was examined by chondroscopy using the Beguin and Locker severity criteria, analysing the lesions
in 72 chondroscopic areas. Afterwards, samples were obtained by dividing the cartilage surface of the medial tibiofemoral compartment of
three OA knee joints into equal squares and they were evaluated histologically using the HHGS. The correlation between both grading
methods was assessed using the weighted Kappa coefﬁcient (Kw).
Results: The results obtained with both scores showed good agreement (Kw: mean standard deviation, 0.619 0.071). While the average
HHGS scores of the chondral samples showed a better agreement with arthroscopic grades 0, I and II, the arthroscopic evaluation has a ten-
dency to overestimate chondral lesions for histological grades III and IV. The intra- and inter-observer reliability of the HHGS evaluation of
chondral lesions was excellent (Intraclass Correlation Coefﬁcient: 0.909 and 0.941, respectively).
Conclusion: In this study, we found a good quantitative correlation between established arthroscopic severity and histopathological scoring
systems, particularly in less advanced lesions. Our results suggest that the arthroscopic method is a valuable tool in clinical research to score
chondropathies in the medial femorotibial compartment of the OA knee, although some limitations should not be overlooked.
ª 2008 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
Key words: Arthroscopy, Histopathology, Cartilage, Osteoarthritis.Introduction
Osteoarthritis (OA) research requires standardized and
reproducible outcome measures to accurately assess the
quantitative and qualitative changes of articular cartilage.
Big efforts dedicated to explore new agents capable of
modifying the course of OA, one of the most common and
disabling disorders1, need to be supported by well-
established outcome measures. Moreover, since the pre-
vention, delay and/or even reversal of cartilage damage
have been established as the goals of OA treatment, the
development of appropriate assessment tools is crucial.
Non-invasive assessment of articular cartilage has been
tested as a diagnostic technique, both in experimental
models as well as in human OA. The standard diagnostic
technique for knee OA, evaluation of plain weight-bearing
radiographs, seems to be incapable of demonstrating early
lesions of the internal architecture and the integrity of the
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205changes in joint space width is quite variable when different
standardized radiographic techniques are used4.
Ultrasound examination could provide a measurement of
the width of the articular cartilage5, however, it has yet to
be established as a clinical technique. Similarly, Magnetic
Resonance Imaging (MRI) may be useful to assess the
morphology, composition and structure of the articular car-
tilage in OA6,7. Indeed, progress in MRI and MRI analysis
technologies offers certain promise to enhance our under-
standing of OA pathobiology, and the relationship between
structural changes and clinical outcomes such as pain8,9.
Nevertheless, further standardization and clinical validation
of such MRI approaches through large scale studies are still
required for them to become widely established as clinical
tools10,11.
By contrast, direct assessment of articular cartilage could
provide exact and reliable information regarding its integrity.
Arthroscopic examination of a joint allows the direct magni-
ﬁed visualization of the cartilage surface. Chondroscopy or
research arthroscopy is a simpliﬁed arthroscopic method for
detecting cartilage lesions in OA research. It is performed
similarly to conventional arthroscopy, but using small glass
lens arthroscope and local anesthesia, avoiding joint ische-
mia and carrying out a continual joint irrigation that ensures
clear arthroscopic viewing. Although this arthroscopic
Arthroscopic Grade I
A
206 C. Acebes et al.: Correlation between arthroscopic and histopathological grading systemsmethod is well tolerated and performed in out-patient basis,
it requires to be carried out by a well trained evaluator work-
ing in adequate facilities12e18. This technique has been
suggested to be more sensitive than plain radiography,
computer tomography or MRI, to detect cartilage le-
sions2,19. However, it may be difﬁcult to discriminate small
changes in deep cartilage layers by chondroscopy, al-
though appropriate arthroscopic studies may still be a valid
mean to assess articular cartilage damage in certain clinical
OA studies20e23.
In turn, histopathological assessment is the most direct
method to estimate the changes in osteoarthritic cartilage
morphology. Indeed, the development of new immunohisto-
chemical techniques has enabled these changes to be clas-
siﬁed into those involved in activity and progression, as well
as to establish their functional correlation. For many years,
the histological/histochemical grading system (HHGS) de-
scribed by Mankin et al.24 has been extensively used to es-
timate the quality of cartilage and to monitor OA progression
in human studies. Furthermore, this scoring system has
been modiﬁed by several researchers and frequently used
for the OA grading of articular cartilage in animal models.
Nevertheless, very few studies have tried to correlate
these two direct methods to assess osteoarthritic changes
in human articular cartilage, and almost all of these have
used assessment methods that are not well-established23.
Indeed, no study has yet been published that primarily cor-
relates these two direct methods in humans affected with
OA. Determining whether chondroscopic assessment accu-
rately reﬂects the histopathological OA changes would rein-
force the use of arthroscopy as a valuable outcome
measurement to studying OA in clinical research. There-
fore, the aim of this study was to compare an arthroscopic
grading system with the extensively used HHGS in human
OA articular cartilage from osteoarthritic knees.Arthroscopic Grade IIMaterials and methodsArthroscopic Grade III
PATIENTSArthroscopic Grade IV
Arthroscopic Grade I
Arthroscopic Grade II
BThe joints of three patients diagnosed with knee OA according to American
College of Rheumatology (ACR) criteria25 were assessed here, two men and
one woman aged between 69 and 72 years old. In accordance with the insti-
tutional review board (IRB) policies, written agreement was obtained from
each patient to participate in this study. Patients 1 and 2 were categorized
as grade 3, while patient 3 as grade 1, according to the KelgreneLawrence
radiological index. Patient 1 was subjected to an arthroscopic lavage that
failed to provide any therapeutic beneﬁts, yet during this procedure a video
S-VHS recording tape of the cartilage surface was obtained. Shortly after-
wards, the patient was recommended for knee replacement surgery and
the whole cartilage and subchondral bone became available for histopatho-
logical study. The other two knee joints were from the two patients who were
submitted for a supracondylar leg amputation due to a vascular problem. Im-
mediately after surgical amputation, an arthroscopic evaluation was per-
formed on both knee joints followed by a histopathological study.Arthroscopic Grade III
ARTHROSCOPIC PROCEDURE AND THE GRADING SYSTEMArthroscopic Grade IV
Fig. 1. Knee joint mapping protocol. The medial compartment of
each knee joint was divided into (A) femoral condyle and (B) tibial
plateau. Subsequently, each femoral condyle and tibial plateau was
split into 12 chondroscopic areas or 12 histological samples for
analysis.Procedure
Medial femoral condyle and tibial plateau cartilage of the three knee joints
were systematically assessed by chondroscopy. The arthroscopic procedure
was combined with joint lavage and the procedure was performed by a well
trained rheumatologist using a 2.7 mm Storz optical catheter (Karl Storz Co,
Tuttlingen, Germany) with a 30 fore oblique lens, according to the original
protocol of Ayral et al.12,13,16. Brieﬂy, a sweep along the whole articular sur-
face was made from the medial to lateral edge and from back to front, by an
experienced evaluator in order to capture any lesion. Each articular surface
was slowly and carefully examined twice, in order to ensure a complete
exploration.
The limits of the articular cartilage of the medial condyles were deﬁned for
chondroscopic evaluation as follows: superior, the ‘‘sulcus trochlearis’’; infe-
rior, the limit of the inferior articular surface; lateral, the limit of the articularsurface where the osteophytic limb is formed; and medial, the intercondylar
neckline. At the level of the tibial internal plateau the anatomical references
were deﬁned by the following limits: anterior, articular surface delimited by
the insertion of the anterior meniscus horn; posterior, articular surface
delimited by the insertion of the posterior meniscus horn; lateral, articular sur-
face delimited by the lateral shaft of the meniscus; and medial, delimited by
the tibial internal thorn.
The medial compartment of the knee joint was chosen as the focus of our
study. Osteoarthritic changes are comparable to OA changes in the whole
knee joint. Indeed, the medial compartment is affected more often than
any other tibiofemoral compartment in clinical samples from different countri-
es26e29. Furthermore, studies using quantitative MRI have shown that the
cartilage volume loss in patients with knee OA is greater in the medial
than the lateral compartment30e32.
Data collection
A S-VHS video recording of the articular cartilage from the medial com-
partment was obtained during the chondroscopy and before the whole carti-
lage of the knee joint was subjected to a histopathological study. The
evaluator graded twice all articular surfaces by reviewing carefully the video
recording tapes following the chondroscopy.
With respect to the articular surface evaluation, special attention was paid
to the following two variables: (1) Localization of chondral lesions, either
medial femoral condyle or medial tibial plateau; (2) severity of chondropathy
according to the proposed Beguin and Locker criteria33 in which grade
0 indicates normal cartilage, grade I swelling and/or softening, grade II super-
ﬁcial ﬁbrillation, grade III deep ﬁbrillation, and grade IV exposure of subchon-
dral bone.
Afterwards, a diagram of all cartilage lesions at the medial knee compart-
ment was sketched. In order to assess the concordance between arthro-
scopic and histological evaluations, 12 chondroscopic areas of either each
condyle or tibial plateau were considered. Thus, 24 chondroscopic areas
were studied in each knee, giving a total of 72 arthroscopic areas analyzed
(Fig. 1).
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In patient 1, cartilage and subchondral bone were extracted before pros-
thesis replacement, while it was obtained from patients 2 and 3 after leg
amputation and chondroscopic evaluation. The whole surface of the three
anatomical specimens from the OA knees was examined macroscopically
and photographically recorded. The limits to study the articular cartilage sur-
face were the same as those used for the arthroscopic examination and they
were easily identiﬁed macroscopically. For the study of the femoral condyles,
the total surface of the cartilage in the craniocaudal axis had an average
dimension of 5 cm and a lateral-medial dimension of 2 cm. To study the tibial
internal plateau, average measurements of 3 cm in the anteroposterior axis
and 2 cm in the lateral axis were obtained. The cartilage surface was sec-
tioned at 0.4 cm intervals in the cranialecaudal direction for the condyles
and in an anteroposterior direction for the tibial plateau. In the axial direction,
the cuts were made at 1.2 cm intervals for the condyles and 1 cm intervals for
the tibial plateaus. Thus, 12 cartilage samples were obtained of each condyle
and each tibial plateau, producing 24 cartilage samples from each knee, and
hence, a total of 72 cartilage samples were histologically analyzed from the
same chondroscopic areas (Fig. 1).
Histological processing
Samples were ﬁxed in 10% buffered formalin and decalciﬁed in a 14%
solution of ethylenediaminetetraaceticacid (EDTA) at 40 C. After decalciﬁ-
cation, the samples were embedded in parafﬁn wax, and 5 mm thick sections
were obtained and mounted on glass slides. At least four sections were
obtained from each sample and the sections were deparafﬁnized and rehy-
drated in decreasing concentrations of alcohol 96e62%. The samples were
stained with haematoxylin and eosin to carry out morphological measure-
ments, and with safranin-orange staining to assess the glycosaminoglycan
content.
Microscopic examination
All sections were examined twice using a standard light microscope and
a 100e400 magniﬁcation, with an interval of a month between each
examination. The microscopic examination was performed by a rheumatol-
ogist experienced in chondroscopy and by a pathologist with experience in
dealing with articular cartilage. The two observers were blind to the arthro-
scopic score of each area and to the histological score of the correspond-
ing cartilage samples. The observers were asked to score each section
from 0 to 14 according to the Mankin scale for osteoarthritic articular car-
tilage24. A score for the structure, cellularity, safranin-O staining, and the
tidemark integrity was obtained for each section, and a total score was
calculated.STATISTICAL ANALYSISIntra- and inter-observer variability
The intra- and inter-observer variability of the HHGS was assessed using
the Intraclass Correlation Coefﬁcient (ICC). In accordance with Fleiss34, the
ICC values were interpreted as follows: <0.40 poor, 0.40e0.75 fair to good
and 0.75 excellent.
Agreement
Qualitative agreement. To carry out the qualitative analysis of agreement
between arthroscopic severity and histological evaluations, the results of
the Mankin histopathological index were categorized into ﬁve grades accord-
ing to Ostergaard35. This modiﬁed categorization has the same number of
grades as the Beguin and Locker arthroscopic severity criteria33. The resultsTable
Grading and location of the cartilage areas o
Arthroscopic severity grade Knee I
Femoral condyle Tibial plateau Fem
0 0 0
I 2 1
II 5 5
III 4 5
IV 1 1were then expressed as the mean values standard deviation (SD) and
compared with the expected histopathological assessment.
Quantitative agreement (criterion validity). The agreement between the
results of the arthroscopic severity and the histological evaluation of the
articular cartilage was assessed statistically through the Kw coefﬁcient for
categorical variables (0eIV arthroscopic grades), calculated for each
observation and plotted in a graph. The mean and SD of the calculated Kw
values were obtained and plotted similarly. The Kw values were interpreted
according to Landis36, as follows: <0 bad, 0e0.20 very weak, 0.21e0.40
weak, 0.41e0.60 fair, 0.61e0.80 good and 0.80e1.00 excellent agreement.
Sensitivity, specificity and predictive values
The overall sensitivity, speciﬁcity, and predictive values of chondroscopy
to detect cartilage lesions were estimated by comparing it with the histopath-
ological grading proposed by Ostergaard35.
All correlations were tested for signiﬁcance (P< 0.01, two tailed) and the
statistical analyses were performed using SPSS V.11 software (SPSS Inc.
Chicago, Illinois).ResultsARTHROSCOPIC EXAMINATION OF THE CARTILAGEThe results of the arthroscopic examination of the carti-
lage surface at the medial femoral condyle and tibial plateau
from the three knee joints are summarized in Table I. In
these analyses, we identiﬁed 14 individual chondroscopic
areas of normal cartilage and 58 areas of pathological car-
tilage. Among the pathological cartilage areas, 18 were
assigned to arthroscopic grade I, 18 to grade II, 17 to grade
III and ﬁve to grade IV. It should be noted that when differ-
ent lesions coexisted in an individual area, the entire chon-
droscopic area was assigned to the grade of the most
extensive lesion. No signiﬁcant differences were observed
in the severity of diseased cartilage between the femoral
condyle and tibial plateau lesions (P¼ 0.895).HISTOLOGICAL EVALUATION OF THE ARTICULAR CARTILAGEThe blind histological assessment of the 72 samples was
performed twice by two independent observers and the fol-
lowing HHGS scores were obtained (mean SD):
6.27 3.29, 6.18 3.14, 6.31 3.73 and 6.38 3.77.
When evaluated using the HHGS, 16 cartilage samples dis-
played mild lesions (HHGS score: 3e5), 25 had moderate
lesions (HHGS score: 6e8), 15 were attributed severe
lesions (HHGS score: 9e11), three very severe lesions
(HHGS score: 12e14), and 13 were considered to be nor-
mal (HHGS score: 0).INTRA- AND INTER-OBSERVER VARIABILITY OF THE HHGSThe intra-observer variability of the HHGS was low for
both observers and overall, the ICC intra-observer value
was excellent: 0.909 (0.919 for observer A and 0.900 forI
bserved in the arthroscopic evaluation
Knee II Knee III
oral condyle Tibial plateau Femoral condyle Tibial plateau
0 0 7 7
3 3 4 5
3 5 0 0
5 3 0 0
1 1 1 0
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HHGS for the two observers was also excellent: 0.941 (CI
95%: 0.905e0.963). Both these correlations were statisti-
cally signiﬁcant (P< 0.0005).
Similarly, good intra- and inter-observer correlation of the
chondroscopic method (French Society of Arthroscopy
Scoring System) had been established previously by our
group. As such, when 24 knees from patients with knee
OA were examined arthroscopically by two experienced
examiners, the Spearman’s rank correlation coefﬁcients
calculated were 0.806 and 0.721 for the intra-observer
and 0.748 and 0.602 for the inter-observer reliability. All
correlations were statistically signiﬁcant (P< 0.0005,
unpublished data).DEGREE OF AGREEMENTQualitative agreement between arthroscopic
and histopathological assessments
Average HHGS scores of the chondral samples showed
good agreement for arthroscopic severity grades 0, I and
II, although the average HHGS scores for grades III and
IV were less than expected (summarized in Table II). An
example of the qualitative correlation from the arthroscopic
and histopathological evaluations of corresponding areas is
shown in Fig. 2.
Quantitative agreement between arthroscopic
assessment and HHGS (criterion validity)
Statistical analysis of the agreement between the arthro-
scopic severity evaluation and the HHGS score, assessed
as theKw coefﬁcient, showed a good quantitative correlation.
The global agreement of the results obtained with the two
scoring methods had a Kw coefﬁcient of 0.619 0.071, al-
though this correlation was better in three of the four obser-
vations (0.628, 0.645, 0.684 and 0.518), and all the
correlations were signiﬁcant (P< 0.01, two tailed, Fig. 3).SENSITIVITY, SPECIFICITY AND PREDICTIVE VALUES
OF THE ARTHROSCOPYModerate to high sensitivity, speciﬁcity and predictive
values of the arthroscopy were found by comparing it with
the Ostergaard’s histopathological grading. Overall sensitiv-
ity was 95.5%, speciﬁcity 71.2%, positive predictive value
93.9% and negative predictive value 75.0%.Table II
Categorization and qualitative correlation between the arthroscopic
degree of severity and the HHGS score of the chondral samples
Arthroscopic
severity grade
Observed HHGS
score (XSD)
Expected
HHGS score
0 1.7 0.6 (n¼ 10)* 0e2 (Normal)
I 3.6 2.4 (n¼ 12)* 3e5 (Mild lesion)
II 6.8 1.9 (n¼ 26)* 6e8 (Moderate lesion)
III 8.1 2.4 (n¼ 17) 9e11 (Severe lesion)
IV 11.4 2.0 (n¼ 7) 12e14 (Very severe
lesion)
Values are expressed as mean (X ) standard deviation
(SD). Values in parentheses represent the number of chondral
samples.
*The observed HHSG mean value agrees with the expected
mean values.Discussion
The osteoarthritic process involves a disruption of the
balance between anabolic and catabolic processes, which
provokes the functional failure of articular cartilage and
hence of the joint itself. Initial depletion of major matrix mac-
romolecules, including collagen and aggrecan, and an in-
crease in the water content have been described in OA.
As repair is attempted, chondrocyte proliferation and clus-
tering occur, yet a further decrease in chondrocyte number
and ECM breakdown becomes evident as the superﬁcial
layer is lost and collagen ﬁbrillation occurs. As the disease
progresses, ﬂaking and ﬁbrillation develop along the chon-
dral surface and in later stages, complete erosion of the
damaged cartilage extends to subchondral bone, leading
to reparative response in subchondral bone as well as at
the articular margins37,38.
So far, histological techniques have been the only means
to assess these microstructural tissue alterations in detail.
However, the tissue damage associated with repetitive his-
tological biopsy samples is a serious constraint for histolog-
ical techniques to be used as a regular tool in OA research
and clinical practice. Therefore, attempts to develop non-
destructive techniques to evaluate articular cartilage integ-
rity have been promoted in recent years, including arthros-
copy, radiology, tomography and MRI4,6,10,20,23.
In this study, we have analyzed the validity of the arthro-
scopic method to evaluate articular cartilage lesions in knee
OA by comparing the results obtained with those obtained
from a histological evaluation of the same lesions. Indeed,
both the Beguin and Locker arthroscopic severity criteria33
and the HHGS described by Mankin et al.24 used in our
study are established scoring systems. However, few stud-
ies have examined the correlation between arthroscopic
and histological assessments in knee OA and almost all
of them failed to use the adequate methodology to validate
the instruments23.
The HHGS has been widely used for many years to
evaluate articular cartilage integrity. Although, certain lim-
itations have been associated to the HHGS, such as the
lack of a linear assessment for mild or earlier phases,
the lack of a staging component and a high inter- and
intra-observer variability35,39e41, the HHGS has also
been considered an excellent tool to perform histological
assessment24,40,42,43. Indeed, the HHGS score displayed
good inter-observer and intra-observer reliability in the as-
sessment of chondral lesions of knee OA in both this and
a previous study40.
Chondroscopy offers a magniﬁed view of the articular car-
tilage surface without altering it2,20e23,44. Furthermore, an
appropriate video recording improves cartilage integrity
assessment12,13,16,18. Intra-observer reliability of this
method is better than inter-observer reliability, therefore, ar-
throscopy videotapes of a study could be reviewed by a sin-
gle well trained investigator45. Also, arthroscopy has been
used to evaluate synovial changes in OA46,47. In addition,
the simultaneous joint irrigation may have a modest and
transient symptomatic beneﬁt48e51. However, chondro-
scopy has some risks derived from its invasive nature, in-
cluding uncommon complications such as joint infections,
haemarthroses, synovial ﬁstulae and others18,52. Therefore,
although the arthroscopy should not be massively used for
clinical OA studies; it is suitable for OA research in studies
that pursue the detection of early chondral lesions, and the
assessment of both efﬁcacy of non-invasive methods and
chondroprotective beneﬁt of potential disease-modifying
treatments17,18.
Fig. 2. Representative images of articular cartilage from the medial femoral condyle and/or tibial plateau of OA knee joint. Chondroscopic
areas (grades 0eIV) compared to their corresponding macroscopic and microscopic HHGS evaluation. Histological sections stained with
H&E at 40. (A)e(C) OA grade I: femoral condyle. Loss of the superﬁcial layer of the articular cartilage. (D)e(F) OA grade II: internal tibial
plateau. Flaking and ﬁbrillations develop along the chondral surface. (G)e(I) OA grade III: internal tibial plateau. Cartilage ﬁbrillations affect all
cartilage layers reaching the subchondral bone. (J)e(L) OA grade IV: internal femoral condyle. Total articular cartilage loss exposing subchon-
dral bone to the articular cavity. Some pieces of cartilage still remain.
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Fig. 3. Correlation between arthroscopic severity and HHGS evalu-
ation. The overall correlation between both assessments was good
(Kw¼ 0.619).
210 C. Acebes et al.: Correlation between arthroscopic and histopathological grading systemsSeveral systems have been employed to score arthro-
scopic evaluations of articular cartilage in OA53e55,
although most of them fail to take into account information
regarding lesion depth and hence severity and they focus
exclusively on the extension of the chondral damage.
Therefore, we have used the Beguin and Locker33 system
because it not only offers objective information about the
severity of the lesion, but it also represents the evolution
of cartilage damage in a dynamic fashion. Moreover, this
score avoids errors in the characterization of some lesions
with relevant pathological signiﬁcance, such as cartilage ero-
sion or clefts, and it allows the sub-classiﬁcation as grade II
or III depending on whether the lesions are detected in either
the cartilage or the subchondral bone. This latter issue im-
proves the speciﬁcity of the arthroscopic score, and it has
also been associated with a good intra- and inter-observer
correlation (unpublished data and Refs. 21,45).
In order to compare the arthroscopic and histological
evaluations of the same articular cartilage area, we consid-
ered the ‘‘chondral sample’’ as the study unit. By dividing
the whole cartilage surface from the medial condyle and tib-
ial plateau of three knee joints into equal squares, we
obtained 72 chondral samples corresponding to the 72
areas of articular cartilage deﬁned in the arthroscopic study.
Like other authors35, we have avoided including peripheral
regions of cartilage in the study because osteophytes have
been developed in these peripheral areas as a result of the
remodeling process. Although our total study sample was
obtained from three different patients, it is statistically repre-
sentative and includes areas with lesion of every arthro-
scopic and histopathological grade. Therefore, the
statistical correlation between arthroscopic and histopatho-
logic assessments was properly performed upon 72 carti-
lage areas, and the arthroscopic method was
subsequently validated.
Quantitatively, we found a good correlation between
arthroscopic severity and the histopathological evaluation
of the chondral samples from the medial tibiofemoral knee
OA. Since, the arthroscopic score is constituted by categor-
ical variables (0eIV), we considered it more appropriate to
determine the correlation by calculating the weighted kappa
coefﬁcient36. There was a tendency for the arthroscopic
evaluation to overvalue the degree of chondral damage
observed in those more advanced lesions (grades III and
IV), which contrasts with the precise correlation in the less
advanced grades (0eII). This tendency of the arthroscopicmethod to overvalue lesions in more advanced stages
could be due to the potential inability to precisely deﬁne
the limit between the cartilage and the subchondral bone.
Therefore, certain variables analyzed in the HHGS at the
cartilage-subchondral bone junction could not be properly
evaluated arthroscopically, such as the integrity at the calci-
ﬁcation line or the local vascularization. Thus, our results
may incorporate some confusion between the superﬁcial
and the deep cartilage lesions, whereby some areas evalu-
ated as grade IV by arthroscopy probably involve a lack of
cartilage with subchondral bone exposure in a patchy but
not diffuse pattern when evaluated histologically by
HHGS. This limitation together with the invasiveness-
associated risks does not allow a widely use of arthroscopy
in the regular practice56,57.
Previous studies have analyzed the validity of the arthro-
scopic method, correlating the results of this method with
those obtained by X-ray and MRI examination of the OA
knee. Arthroscopic evaluation gives a direct assessment of
chondral lesions, in contrast to a plain weight-bearing X-
ray image that provides an indirect measurement of articular
cartilage loss through the measurement of the narrowing of
the joint space. Therefore, X-ray methods are less sensitive
than arthroscopy to evaluate articular cartilage lesions, and
they present important limitations2e4,19,58. MRI techniques
have developed signiﬁcantly in recent years and thus, cur-
rent MRI technologies adequately assess the morphology,
composition and structure of the articular cartilage in OA6,7.
It has been suggested that MRI might be more sensitive or
as sensitive as arthroscopy to characterize chondral le-
sions59,60, although in other studies arthroscopy was found
to be more sensitive than MRI to evaluate cartilage abnor-
malities19,61,62. Furthermore, MRI still remains to be vali-
dated before becoming a routine clinical tool10,11,63.
This study has some obvious limitations, the main one
being the relatively small number of patients from our study
sample was taken. However, since our study sample
includes chondral lesions of every chondroscopic and histo-
pathological grade, it allows an appropriate statistical corre-
lation between these two direct assessments, and
subsequently validation of the arthroscopic method.
Another limitation is the lack of cartilage touching in the ar-
throscopy. Although important information about the pres-
ence of softened cartilage areas would have come out from
the cartilage palpation with a surgical probe, we have fol-
lowed the original chondroscopic protocol described by Ayral
et al.12,13,16 avoiding more discomfort to the patients that
a second arthroscopic portal necessary for a correct cartilage
palpation would have caused. Furthermore, the performed
video recording is a contrastable evidence equally or more
valuable than touching information. Lastly, the own technical
limitations that restraint the arthroscopy to OA research, par-
ticularly, for proof of concept and similar studies64,65.
Overall, although arthroscopy has been shown to have
certain limitations when assessing advanced articular carti-
lage lesions, a good quantitative correlation has been
established between chondroscopic and histological
assessments and we found valuable evidence that arthros-
copy is a useful tool in knee OA research. Furthermore,
the latest technical advances that simplify and improve both
the exploration and patient tolerance, as well as the poten-
tial therapeutic beneﬁts of the procedure, make arthroscopy
suitable as a diagnostic tool66,67. Therefore, our observa-
tions support the use of the arthroscopic method to evalu-
ate articular cartilage lesions from the medial femorotibial
compartment of knee joint in OA for clinical research
purposes.
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